Background Chronic ill-health may significantly impact on an individual's ability to work. This not only relates to disease severity but also to psychosocial factors such as illness perception and coping strategies.
Introduction
Nearly one in five people of working age in the UK have a disability as defined by the Equality Act 2010 and only half of these are in work, compared with 80% of non-disabled adults [1] . Positive effects of work include improved financial prosperity, social participation, selfesteem, physical and mental well being and the detrimental effects of prolonged sickness absence or long-term unemployment are well documented [2, 3] . The employment of individuals with disability depends on employer attitudes and workplace features but is also influenced by personal and social factors. With recent changes in the UK benefit system, there is an expectation that more individuals with health conditions and disabilities will be supported to seek and obtain employment. In order to facilitate this it is important to identify potential barriers to work.
In 1938, when cystic fibrosis (CF) was first formally recognized, life expectancy of patients was measured in months. However, with improvements in antibiotic and nutritional interventions, there has been a progressive improvement in patient survival with most now reaching adulthood. The 2010 UK CF registry annual data report indicates that the median predicted survival is 41.4 years and >50 years for the cohort of individuals born in 2000 [4, 5] . There are now more adults than children living with CF (56% of those in the registry are >16 years), with over 95% of children with CF reaching their 16th birthday [4] . As people with CF are living longer, healthier and more independent lives, many more are entering the employment market.
Chronic ill-health can significantly impact on an individual's ability to work, affecting not only employment prospects but also career progression and pay when compared with non-disabled adults. This effect appears to be multifactorial, not simply related to disease severity or degree of impairment, but is also correlated with psychosocial factors such as illness perception and coping strategies [6, 7] . There is also evidence that those with chronic disease encounter discrimination and are more likely to change their duties or take a cut in salary than those in good health [8] [9] [10] [11] .
A recent systematic review of the literature relating CF with employment concluded that the literature base is very limited, with small sample sizes recruited from one or two CF centres and heavily focussed on the contribution of medical aspects of CF, such as lung function, body mass index (BMI) and exacerbations, to employment status [8, [12] [13] [14] [15] [16] . Also highlighted was the limited number of studies that had related psychosocial factors to employment in CF [8, 14] . No study to date has investigated whether people with CF who are employed have decreased productivity and/or below normal work quality, a concept known as presenteeism [17] . We report here the largest multi centre study of physical and psychosocial factors associated with employment in people with CF; it is also the first to have investigated presenteeism in people with CF.
Methods
A cross-sectional study design was employed with structured questionnaires used to collect data on disease severity, health-related quality of life (HRQoL), presenteeism and employment. CF patients aged ≥16 years attending adult CF centres in three UK university teaching hospitals (Aberdeen, Newcastle and Birmingham) between September 2010 and November 2011 were invited to participate in the study. All participants provided written informed consent and the study was approved by the North of Scotland Research Ethics Service (10/SO802/48).
Subjects were asked to complete three self-administered questionnaires assessing HRQoL, presenteeism and employment.
The validated Cystic Fibrosis Questionnaire-United Kingdom was selected to measure HRQoL [18, 19] . This comprises 44 items on 12 generic and disease-specific scales: physical functioning; role; vitality; emotional functioning; social; body image; eating disturbances; treatment burden; health perceptions; weight; respiratory symptoms and digestive symptoms. HRQoL is expressed as a standardized domain score ranging from 0 to 100, with higher scores indicating better health.
The Stanford Presenteeism Scale SPS-6 was used to measure presenteeism [17] . It measures a worker's perception of his/her ability to overcome the distraction of current health problems in order to handle job stress, complete tasks, achieve goals and maintain focus and energy levels. Presenteeism is expressed as a total score ranging from 6 to 30. Lower scores indicate lower presenteeism and decreased productivity.
The Work and Cystic Fibrosis Questionnaire combines questions related to employment and work adaptations with the work disability index (WDI) derived by Hogg et al. [8] . Respondents were asked about employment status, hours worked per week and job title. Employed individuals were asked about work adaptations including time off for treatment/appointments; adjustment of working hours; flexible working; home working and changes to role, duties or equipment. All respondents were asked about sources of advice about work. Individuals not currently working were asked whether they were actively seeking work; if they had ever been in paid employment and if so when and why they stopped working. Those who had ever worked completed the WDI, which asks four specific questions relating to ability to work and is expressed as a score ranging from 0 to 4. In addition, respondents were asked whether or not they had experienced any discrimination because of their CF and whether their employer knew of their diagnosis.
Clinical records were reviewed and parameters of disease severity ascertained when clinically stable, usually at the most recent annual review, was recorded: forced expiratory volume in 1 s (FEV 1 ; as a per cent of predicted), BMI, sputum microbiology, CF-related diabetes (CFRD), number of courses of intravenous (IV) antibiotics in preceding year and transplant status.
All statistical analysis was performed using SPSS v20, (IBM). Univariate associations between centres, employment status, clinical parameters, HRQoL domains and presenteeism scores were conducted using appropriate parametric and non-parametric tests (correlation coefficients, χ 2 , Fisher's exact test, t-tests, analysis of variance, Mann-Whitney, Kruskal-Wallis). To identify independent associations with employment status, multiple logistic regression modelling was performed using the backward stepwise method provided by SPSS. Parameters included in the analysis were those associated (P < 0.3) with employment status from the univariate analyses. Study power was based on summary statistics from the Aberdeen CF clinic (mean (SD) per cent predicted FEV 1 48% (15.1), BMI 21.3 (2.7) kg/m 2 ) and the study of Hogg et al. [8] who reported that 40% of their CF patients were in full-time work >30 h/week. With 200 subjects, the study would have 80% power to detect between employed and unemployed subjects, a 13% difference in per cent predicted FEV 1 and 5% difference in BMI. We aimed to recruit at least 200 participants.
Results
A total of 254 subjects were recruited; 41 from Aberdeen, 63 from Birmingham and 150 from Newcastle, representing 82, 20 and 71% of adult CF patients attending each centre, respectively. This represents 58% of the total population in the three clinics. The response rate in Aberdeen was 98% (41/42), in Newcastle 97% (150/155) and 79% (63/80) in Birmingham giving an overall response rate of 92% of those approached. These centres are disparate geographically (Aberdeen, North-East Scotland; Newcastle, North-East England; Birmingham, West-Midlands, England) and have differing job markets with employment rates of 77% (Aberdeen), 67% (Newcastle) and 69% (Birmingham) [20] [21] [22] .
Characteristics of all 254 subjects and those participating from each centre are detailed in Table 1 . The median (interquartile range (IQR)) age of participants was 26 (21-34) years, 46% were female, mean (95% confidence interval (CI)) per cent predicted FEV 1 was 60% (57-63), mean (95% CI) BMI was 22.4 kg/m 2 (21.9-22.9). Seventy-four per cent of subjects were chronically infected with Pseudomonas aeruginosa, and median (IQR) number of courses of IV antibiotics in the previous year was 2 (0-4). Subjects were similar between centres for most characteristics; however, between-centre differences were evident for the proportion of subjects chronically infected with P. aeruginosa, proportion with CFRD and number of courses of IV antibiotics in the previous year, being highest in Birmingham and lowest in Aberdeen.
The educational attainment of the cohort is described in Table 1 . Forty per cent of subjects had received some form of higher education.
Statistically significant between-centre differences were recorded for all but four (body image, eating disturbances, weight problems and digestive symptoms) of the 12 CFQ-UK domains (Table 2) . Birmingham recorded consistently lower scores indicating a poorer self-reported HRQoL.
The employment status of the participants is detailed in Table 3 . Sixty-five per cent of subjects were either in employment or in education and 80% (202) had worked at some time. For those subjects who reported being employed or self-employed the median (IQR) hours worked was 37.3 (22.0-40.0) h/week with a mean (95% CI) SPS-6 presenteeism score of 25.1 (24.3-26.0). While the number of hours worked per week did not differ between centres, there was a statistically significant between-centre difference in presenteeism scores, being highest in Aberdeen and lowest in Birmingham. Of the 76 subjects not in paid employment, 71% (53) had worked at some point and of these 69% (36) reported CF as the reason for ceasing work, with no significant between-centre differences. For those not currently in paid employment, there were significant between-centre differences in having ever worked and currently seeking employment, with Newcastle having the fewest ever worked and currently seeking employment, Aberdeen the most (Table 3) . SOC 2000 coding of job titles did not reveal a clear trend (Table 4) . Associate professional and technical occupations (SOC 2000 code 3) was the largest occupational group for the Aberdeen cohort (20% of working individuals), whereas elementary occupations was the largest group in Newcastle (19% of working individuals), and sales and customer services the largest group in Birmingham (19% of working individuals).
Forty per cent of all subjects reported that they had stopped a job because of CF with significant differences Of subjects not currently in paid employment and had ever worked. Fisher's exact test. Between-centre P value. *P < 0.05; * * *P < 0.001. between centres; Aberdeen 29%, Newcastle 35%, Birmingham 57%, P < 0.05. Forty-seven per cent felt that CF had affected their choice of career; 24% had changed duties and 10% had taken a pay cut because of CF. Twenty-three per cent of respondents reported discrimination in the workplace because of CF and although this was reported more in Birmingham (33%) than Newcastle (20%) or Aberdeen (17%), the differences were not significant. Forty-two per cent of subjects had received advice regarding working with CF but only 6% (15) had received formal occupational health guidance. Nineteen per cent had received advice about working from their consultant, 12% from a nurse specialist, 8% from a physiotherapist, 4% from a dietician, 8% from their general practitioner, 13% from a job centre and 2% from a trades union. Some participants had received advice from several sources. The only significant between-centre difference was for advice from a social worker, 12% had received advice from a social worker, 3% in Aberdeen, 9% in Newcastle and 25% in Birmingham, P < 0.001. Ninety-two per cent of those in employment got time off for appointments; 36 (30%) had their hours adjusted, 65 (54%) worked flexibly and 20 (17%) were allowed to work from home. There were no significant differences between the centres in this respect.
Univariate analyses comparing the 127 participants in paid employment and the 76 not in paid employment revealed a number of associations; subjects in education, retired or homemakers were not included in these analyses. As outlined in Table 5 , there were significant associations between employment status and gender (P < 0.05), mean FEV 1 % predicted (P < 0.001), BMI (P < 0.05), chronic sputum infection with P. aeruginosa (P < 0.05), number of courses of IV antibiotics in the previous year (P < 0.001), educational attainment (P < 0.001) and all 12 of the CFQ-UK HRQoL domains, with employment consistently associated with better HRQoL.
Univariate analyses demonstrated that employment status was associated with several disease-related and sociodemographic parameters, many of which were also closely associated. To identify independent associations, multivariate modelling using a backward stepwise technique was performed and the results are presented in Table 6 . The optimal model demonstrated that employment was associated with: centre; higher than school education and the CFQ-UK HRQoL domains role perception, and health perception. The ability of this model to discriminate between employed and unemployed individuals was evaluated using receiver operating characteristic curve analysis [23, 24] . For the model described, the area under the curve was 0.87 indicating that the identified predictive factors provided good modelling of the employment status of the subjects. Repeating the analysis, omitting the participants from Birmingham did not change the associations reported above.
Discussion
In patients attending adult CF centres in Aberdeen, Newcastle and Birmingham, 50% were in employment, working a median of 37.3 h/week and with a mean SPS-6 presenteeism score of 25.1. Being in paid employment was independently associated with higher educational attainment, CFQ-UK HRQoL domains of role and health perception and centre studied. Participants in Birmingham had higher rates of sputum Pseudomonas infection, courses of IV antibiotics and CFRD. They also recorded lower mean CFQ-UK scores, indicating a poorer self-reported HRQoL. While it may be that CF patients in Birmingham have more severe disease manifestations, a more likely explanation is response bias. Although the overall response rate of 92% was high, only 20% of the adult CF population in Birmingham were recruited because of logistical difficulties in administering the study; this compares to 82% for Aberdeen and 71% for Newcastle. A sensitivity analysis omitting the Birmingham data had little impact on the reported associations. A further limitation of this study is the cross-sectional design that cannot investigate temporality of association. (14) 2 (10) 13 (19) 3 (8) Participants in this study did not differ appreciably from those in previous investigations of employment and CF. In the current study, median age was 26 years, mean FEV 1 60% predicted and BMI 22.4 kg/m 2 . In previous studies [8, [12] [13] [14] 16] , mean age was in the upper third decade, mean FEV 1 ranged from 50 to 65% predicted and BMI ranged from 20 to 23 kg/m 2 . In this study, 50% of subjects were employed or self-employed (65% in employment or education), a finding similar to non-UK studies despite national differences in employment markets, healthcare and welfare provision. Burker et al. [12] reported that 48% of their CF population in the USA worked, Frangolias et al. [16] in Canada reported that 56% were either employed/in education/homemaking (current study 69%) and Havermans et al. [14] reported 65% of their CF population in Belgium either worked or were in education. Hogg et al. [8] reported that 40% of their Australian CF population worked >30 h/week compared with 27% reported by Gillen et al. [13] in the USA. Burker et al. [12] reported that the average number of hours worked in their CF population in the USA was 32.7 h/week; the median hours worked in the current study was 37.3 h/week. Eighty per cent of our respondents had worked at some time and the majority of those who had stopped work cited CF as the reason. For those subjects who were employed or self-employed, the mean (95% CI) SPS-6 presenteeism score was 25.1 (24.3-26.0). Koopman et al. [17] reported a mean SPS-6 total score of 21.0 for employees reporting a work or non-work-related disability, compared with a score of 23.5 for employees who reported no disability. The SPS-6 scores for the three centres in this study were therefore higher than might have been predicted, indicating that those in work are functioning well, their disease having little impact on their day-to-day performance. The difference in pre senteeism score between centres suggests that Birmingham subjects are working when sicker, which may reflect different employment profiles and economic pressures.
Significant problems associated with employment were identified; 40% of all respondents reported that they had stopped a job due to CF. Comparative figures were 34% in a study by Hogg et al. [8] in Australia and 35% reported by Gillen et al. [13] in the USA. In the current study, 47% felt that CF had affected their choice of career and 24% had changed duties because of CF. It is likely that a chronic illness such as CF could affect the type of career that an individual can pursue or tasks they can perform and changes in duties may be a reflection of a considerate employer making reasonable adjustments. However, 10% of respondents had taken a pay cut because of CF and 23% reported discrimination in the workplace due to their disease.
Under the disability provisions of the UK Equality Act 2010, an employer should consider reasonable adjustments to accommodate a disabled individual in the workplace [25] . It is encouraging that 92% of employed respondents were allowed time off for appointments; however, only 42% of subjects had received advice regarding work and only 6% had received formal occupational health guidance. There was a significant difference between centres in the number receiving advice from a social worker but multivariate modelling did not demonstrate that social work advice was associated with employment. Given the employment difficulties previously alluded to, it is disappointing that employment guidance is so poor and is an argument for a more formalized approach to this issue within CF clinics.
Despite the Birmingham cohort having consistently lower HRQoL domain scores and baseline characteristics that imply increased lifestyle disruption, multivariate adjustment for these factors demonstrated that they were more likely to be in paid employment than their Aberdeen and Newcastle counterparts. This is somewhat surprising because the general employment rate in Birmingham is less than that in Aberdeen [20, 22] . Although explanations for this centre effect may include cultural differences, differences in type of work available or greater opportunity for part-time or flexible work in Birmingham, an equally plausible explanation is of response/selection biases, as only 20% of the Birmingham CF population participated in the study.
Multivariate analysis demonstrated that health perception and role perception were far stronger predictors of employment status than lung function and exacerbations. This is likely to relate to disease mastery as described by Hogg et al. [8] ; regardless of your lung function, if you feel in control of your condition and have a positive outlook on your overall health, you are more likely to be able to obtain employment and function effectively in the workplace. The best fit model for predicting employment status was found to be centre, educational attainment, health perception and role perception, and this was independent of age, FEV 1 per cent predicted and BMI.
These findings are consistent with the findings of Burker et al. [12] who found that FEV 1 did not discriminate between working and non-working but working was associated with significantly lower depression scores and higher educational attainment [12] . However, in a recent study of 207 adults with CF, Laborde-Castérot et al. [26] found that FEV 1 and educational attainment were the best predictors of work disability.
Our findings demonstrate the need for longitudinal studies to establish the nature of the association between psychological factors and employment and whether targeted psychological interventions aimed at improving health perceptions and coping strategies are beneficial.
Key points
• This is the largest study of employment in cystic fibrosis to date, the first in more than two centres and the first to investigate presenteeism, the effect of ill-health on productivity.
• Sixty-five per cent of cystic fibrosis patients were employed or in education and they functioned well at work. Employment status was most strongly associated with educational attainment, locality and health-related quality of life, not clinical parameters of severity.
• Health and role perception were the most important health-related quality of life domains predicting employment status and were independent of lung function.
